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Rottlerin-like phloroglucinol derivatives isolated from the pericarps of Mallotus japonicus MUELL. ARG. (Euphorbia-
ceae) are reviewed. Chemical structures, cytotoxicity, antitumor and antitumor-promoting effects, antiviral activity, an-
ti-HIV-RT activity, and inhibitory activity of activated macrophages (inhibitory activities of NO, prostaglandin E,,
tumor necrosis factor-a, and interleukin-6 production) of the phloroglucinol derivatives are described.
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1. [FL&»IC

T AT (Mallotus japonicus MUELL. ARG.)
i& ~D 5 75% (Euphorbiaceae) ZJgd % V4%
@ART, BN OBHET CTITAS AL TNS,
BRI, ERAEREMEML, HATIZHSERES
HELTERIES, HEE HEOECBRWEL, &
BTRERETEICHY, PETIRES T HEROK
BICHW SN, EIBHERDRE YA SN
2. BN 513 bergenin? K INZ D F#E K, D %5
DY RO ENHEBINTED, Enoid
rutin, VA~ i 0 B8 B 1% 1L & B, 39 valoneic acid
dilactone'” |INEFED & > = HE I, HBEMN S
t& 2 fE O rottlerin £k phloroglucinol #%#{k, 1V /& 1
MR E LT, BTOmMERRS KUZN5 0
BCRE(R1219 /2 EOHEN TN TN,

E hHERDEESAMIE TS % KB cell 2 H 125
in vitro DRI EFEINHI R 7 1) — = > 7 w71, 19
MRMNRERMRL TWE A, THAF LU EE
D, AHEDOFHFHEE, 1519 427 5 L (Primula-
ceae) D 14 A & (Lysimachia japonica THUMB.) , 1)
dF 7 & F (Saxifragaceae) D3/ XV R
(Chrysosplenium) =20 /3. & %5 ff |7 BE 2 75 41 ff 14 5

EIERER R I (F930-0194 F (i s 2630)
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TAREIE, PR 14 EEREICHE OERT O %A
FLICRRINZEDTH 2,

HIEVEDSRRD S /.

79, ZROMBNED ICHRERRETH =T H
AT RENSWIRITIO A, 554 KB cell
FEAMHE 2 FE I 0 L TS IE M E S 2 5, i
BHEY) L FE 1< T DR T B % rottlerin 12 D
phloroglucinol B A IEME R /7 & U CHEEL 7~

TN OfLFME, MREEIHETE, HiES
Y, RN AT O'—5 —iEME, Y 1L ZiEME,
human immunodeficiency virus (HIV) ¥ifii 5 %3
BHEEH, 7077 —UEMEsERR S 12D
WTRA LR EZEO TRLEDDTH S,

2. (L7 DS

—E# O rottlerin £k phloroglucinol #%i&{k |3 Fig. 1
WoR Lz, Bl f4E T3 5 3-methylphloro-
acetophenone FEKD —EHFLAMTITRTH
L—hKREEZBELTWS, HiELEmE LT
IR 5 #5372 5 ¥ D il © mallophenone (= 2,6-
dihydroxy-3,5-dimethyl-4-methoxyacetophenone) (1)25
& 2,6-dihydroxy-3-methyl-4-methoxy-acetophenone
(2)21733% v, mallotophenone (3)2¥ 3 methylene
EHOELAMBBMOMEIEN -EHTLEY
(5-methylene—bis-2,6-dihydroxy-3-methyl-4-methoxy-
acetophenone) TdH 5. {b2Episr & L CREIC BBk
WIRE SN TH O, #2127 mallotojaponin (4) & @y
HB) IN B DML 3- (3,3-dimethylallyl)
-5-(3-acetyl-2,4-dihydroxy-5 -methyl-6-methoxyben-
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Fig. 1. Structures of Phloroglucinol Derivatives from the Pericarps of M. japonicus

Z @ phloro-
acetophenone B IZ # 3 % phlorobutyrophenone,

zyl) -phloroacetophenone C & %

phloroisobutyrophenone %%, % 41 #1 butyrylmal-
lotojaponin (5) & isobutyrylmallotojaponin (6) T
HD, N2 4,5 6 DFNTND 2 IKEREE DR
&7 mallotochromene (7),2Y  butyrylmallotochro-
mene (8), 29 isobutyrylmallotochromene (9)2 T, 4
D 4 i K Ee F & O BB K A3 isomallotochromene
A0 TH5. F/-, 4,5 6T 3,3-dime-
thylallyl Zf DEs (L & —EREEOBEMNEL L EE R
541 % mallotolerin  (11),!%:2)  butyrylmallotolerin
(12) 2124 jsobutyrylmallotolerin (13),2:2” 4 O allyl
R D L [t & @ mallotojaponol (14)2V 734G 51T
% k&, 8,9 FHFNO chromene E DK
{47t mallotochromanol (15),2¥ butyrylmallotochro-
manol (16),2 isobutyrylmallotochromanol (17) 2D
T&H 0, 7D chromene 5 D& JLIA AT mallotochro-

man (18)2 T& 5. &% 10 O chromene IR D
7K 44 7% isomallotochromanol (19)%” T, &EicikMn
isomallotochroman (20)2)T& 5.

3. fRRRrEREHHIE M

In vitro OHIIEEEVE 3 2 U U3 M e 3 FE HI S PR
ExlZl3 b b B3O carcinoma KB, Hep-2, PC-13
cell, <7 Z® leukemia L5178Y, P-388 cell mela-
noma B16 cell 7z & O EEEMAMBZ AW, B4
i & LT, crystal violet #2829 3- (4,5-dimethyl-
thazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT)
£, 39 2,3-bis [2-methoxy-4-nitro-5- sulfophenyl]-5-
[ (phenyl-amino) carbonyl] -2H-tetrazolium hydrox-
ide (XTT) #VisExFHAHL .

2 DIEEDS AU %9 % phloroglucinol 33
K Ol B 25 1 35 B o VI I A R B BT 1 & Table 1
iR L7, KBeell iz LT, L&) 3-13 14k %
FEU, 3 AL ISR O BRIRER o I AR B RN RS
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Table 1. Cytotoxic Activities of Phloroglucinol Derivatives against Various Cultured Cancer Cell Lines (ICso ug/ml)

Carcinoma Melanoma Leukemia
Compounds KB Hep-2 PC-13 B16 L5178Y P388
1 >20 >20 >20 >20 >20 >20
2 >20 20 >20 >20 >20 >20
3 2.40+0.17 6.30+0.60 3.75+0.24 4.80+0.23 3.65+0.49 10.08+0.58
4 0.58+0.03 0.60+0.04 0.54+0.04 0.70:0.06 0.81+0.08 1.1440.05
5 0.72+0.07 0.41+0.03 0.91+0.02 0.600.03 1.0840.10 2.85+0.03
6 0.98+0.10 1.10+0.12 3.05+0.43 1.75+0.92 2.50+0.40 3.00+0.45
7 2.10+0.18 0.72+0.14 0.8240.02 1.0840.19 1.26+0.31 1.7140.31
8 3.03+0.18 1.7040.25 1.30+0.18 1.29+0.09 2.36+0.32 3.40+0.35
9 0.40+0.03 1.08+0.21 1.7740.06 1.4440.05 2.780.16 4.0340.56
10 2.20+40.12 NT NT NT NT NT
1 1.2240.12 1.08+0.08 1.5340.12 1.01-0.23 1.61+0.02 2.18+0.04
12 0.95+0.11 0.9140.20 0.63+0.06 2.38+0.24 1.2740.04 1.2240.19
13 0.84+0.09 0.93+0.09 1.80+0.43 1.96+0.28 2.5040.15 3.85+0.06
14 >20 >20 >20 >20 20 >20
15 >20 >20 >20 >20 20 >20
16 13.50+1.10 NT NT NT NT NT
17 14.60+0.55 NT NT NT NT NT
18 8.900.40 NT NT NT NT NT
19 >20 >20 >20 >20 >20 >20
20 16.02+0.64 NT NT NT NT NT

Mean= SE of three determinations.

B D WEE Y 14-20 & 78 monomeric 18213 Table 2 Effe.ct of Compound 4 on Solid Tumor of Ehrlich
Carcinoma in Mice

EEERSBN ok, e 413 B EDfh DR % =

MARMMIZK L To 0I5 2 R T DIk, 3 (me/kgdayy ~ Morality  TUmorweight (&) T/C
BIEIET S 72, IEPEFRBUC I 3 (LI 18052 R Control o8 ozors 0
BIRIE GBI L T D b D EERIN D, 2 7 0/6 0.9340.19 8.1

4. MEBETEMEMY 20 0/6 0.59+0.11 49.5

Mouse: Male S-week-old ddY mice; 6 mice/group (8 mice for control
group). Inoculum: Ehrlich carcinoma cells 3X10%head, sc (inguinal
region) . Treatment: Qd, day 3-8; ip. The compound to be rested was sus-
pended in 0.25% carboxymethylcellulose (CMC) solution.
Determination: day 10.

DAY 3=~ 2 ® Ehrlich J/KME 1253 2 4 DIt fr
NRITERD 5N s/ o /=43, Ehrlich BEE I L
T 20mg/kg/day D 512 HBWT T/C 49.5% O
Hl2FD 5 N7z (Table 2). 29 B6D2F, £ ™ 2 D
L5178Y B ICxt 9 % 4 DIEGNEDOMET, 10

—40mg/kg/day D EIZBNWTESHZ (Increase
of life-span) (ILS) 7% 200% LA _F 0 FHE 72 %E d sl
Z/x U7z (Table 3). %2 fERIC & B HiEEE I D
W, WEED S5 NRERIER & L TR
NTND OK-432 SO E AT L7~ DAY
AN A D Ehrlich /K125 U OK-432 Hijiig 5
TIXILS W 147% TH o = DITHN, 4 O T
97% & 720D (Table 4A), */-, B6D2F, &< ™7 %
D L5178Y BJIMHIZx L OK—432 B 5711 ILS
MWIBTX% THS=DITEN, 4 DHEFAT 275% & 75

O (Table 4B) DHHZNEOH &R L 7=, 2

5. MRA7TOE—9—FHSBW

In vitro OFEF] > 7 € — & —MHRE I 12-0-
tetradecanoylphorbol-13-acetate (TPA) % 710 F—
Z—& L, CHIOT1I/2 fifad 1) > 58 ~ @ 3H-
choline DEL VD A AMHEFMEH THREF L=, BaHLs
¥ 2-4,7,10, 11, 15, 18, 19 ® 9 FE§ < TIZiE 2328
Do, HTH 4,10, 1 BPEETH -7~ (Le
Y14 OiEMERR, RAMKOMALRST > Y oE—
¥ — k&M E L THI SN % quercetin, berberine sul-
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Table 3. Effect of Compound 4 on Mouse L5178Y Leukemia in vivo

Dose Mean body weight (g) MST? ILS® No. of survivors/
(mg/kg) day 0 day 7 (day) (%) tested on 60th day
None 22.1 23.6 16 0/7
10 23.5 24.6 54.5 240 3/7
20 23.5 24.1 60 275 7/7
40 22.6 22.7 49 206 3/7 (Toxic)

The experiment was terminated at 60th day after the leukemia cell implantation.

a) Median survival time.

b) Increase of life-span=[MST (treated) /MST (control) ] X 100--100.

Table 4. Antitumor Effects of Combined Use of a and OK~-
432 in Mice

A. Ehrlich Ascites Carcinoma

Dose MST®  ILS?

No. of survivors/
Agent  (mo/kg)  (day) (%)

tested on 60th day

None 17 0/8

4 10 18 5.8 0/6

0OK-432 7.59 19.5 14.7 0/6
4 10

+ + 33.5 97 0/6
OK-432 7.5

B. Mose L5178Y Leukemia

Dose MST«  ILS»

No. of survivors/
Agent  (mo/ke)  (day) (%)

tested on 60th day

None 16 0/8

4 10 54.5 240 3/6

OK-432 10 46 187 2/6
4 10

+ + 60 275 6/6
OK-432 10

a, b) See footnotes in Table 3. ¢) Corresponds to 100 KE; one KE
(Klinische Einheit) of OK-432 contains 0.1 mg of dried streptococcal
cells.

Table 5. Effect of 4 and Naturally Occurring Antitumor-
Promoting Agents on TPA-Enhanced *2P; Incorporation
into Phospholipids of Cultured Cells

Contiion iy lncorporaion nkitiior
Control 1.43
TPA 845
TPA+4 1.58 97.9
TPA + quercetin 5.61 40.5
TPA +berberine sulfate 7.02 20.4
TPA +curcumin 7.18 18.1

HeLa cells were incubated with one of the test compound (2 ug/ml).
After 1 h, 32P; (74 kBq/culture) was added with or without TPA (50 nMm).
Incubation was continued for 4 h, and then the radioactivity
incorporated into phospholipid fractions was measured.
Data are mean values of duolicate experiments, each of
which scarcely deviated (within 2.5%).

fate, curcumin OIFMZEIZHNITHE < H DT 50%in-
hibitory dose (IDsp) 1% 0.4 uM (0.2 ug/ml) TdH>
7= (Table5) . ®ICR 2 ¥ 7 X & H v, 7,12-
dimethyl-benz [a] anthracene (DMBA) % =3 T —
45— TAP 270F—F—& L “BRERERN
CEBIZBIT ALY 4 DR > NEIEER D RAEIE
Fig. 2 %X 3 127 L /=. Figure 2 Tl control #id
6 ETHN RTINS DITH L, 162 nmol 5
B 10 A TR kRSN, YA -LHZD
DEEROHEIIBNTHEER D ITHENERDEE
50 5. Figure 3 Tl control i3 7 THH >
AR XN D DIZHK L, 1620 nmol % 513 20
ERTHRENTONPHEREINT, YUA—LLELDO
JEEE O LIRIC BN T H A BRI RAHER S
iz 3@

6. A IILZEMD

5 ML & LT HeLa 229 #Hfig 2 i W THEH AL
RZEY 4 )L A DEFEIHIZI RIS D W TRE 217
ST T A IVAERR T T — 7 REEICK D HE
L= i1 VAFIE L TOEMEERT 1 DOFE
B3 B ST 1 L AE DT & SR
BTEbINDA, LAY L 20FTNEN
10.9, 9.1 L= /= %flE %R L7 (Table 6). %

7. HIV FEEEREREEFRY

ka3, 4, 7, NMOA4FEIIDNT, (rA), *
(dT) 15 % template - primer & L T HIV x5 B¥
EHEEAICDOVWTHRM L. (LEH4 T3 10
pg/ml OHEETH 10%HELMNMERZRL, 3 &
NEzEhsXVFOHEEFERTH o2 (Fig. 4).
fbat 4 ®HIV B ERFICH T 2 HERZ
(rA), + (dT) sl B L THEPIRY, dTTPICREL T
W IEHERE T, KifEld 6.1uM TH o7 »
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Weeks of promotion

Fig. 2. Effect of Compound 4 on the Promotion of Skin
Tumor Formation by TPA in DMBA-Induced Mice
A: Percentage of tumor-bearing mice. B: Average number of tumors per
mouse+SE. O=Group treated with DMBA +TPA, ®=Group treated
with DMBA + TPA+ compound 4 (162 nmol/painting) .

8. ¥ 7077 EMELIGIER

X077 =P OREEET, FEx IR
CHEINEALICEE S U, EhEgE, —BlbaEE
(NO), Yuzx&r75>2> (PQ), MEEERT
(TNF)-o, 1 >%—101F> (L) R EEEET
. X777 —INEHEEISIER & LT, NO ¥
EMIRIER, PGE, BEANBHER, Y1 bhr1=2>
BEEMEHHER 2 E 12D W THRE L7,

NO A #HIVE M 1Z lipopolysaccharide (LPS) &
1>y —=7xzn0> (IFN)-y TIEHLLZTTZD
RAW 264.7 il = W THEI L 72, k& 2-4, 1,
10, 12, 15, 17-19 D 10FED S B, 2 & 18 LISt D 8
FICHIFNE RO 50, &£ 0D 10 (ICs, 14.3

No. 4 221
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40 0r
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¥ ®
& &
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F oo} [ 0
0 0
8 5
B
o I [
4 -
g 2 [
3 3 3t
g £ [
N ~N
@ Y
2 gz i / -0
3
= P Fors
1
[ 1L
1+1
0 5 10 15 20 25

Weeks of promotion

Fig. 3. Effect of Compound 4 on the Promotion of Skin
Tumor Formation by TPA in DMBA-Initiated Mice
Experimental condition was the same as described in the legend for Fig.
2, except the dose of compound 4 (1620 nmol/ painting) .

uM) £ 19 (ICs 10.7 uM) 1XFRVHIFIE 1 % R L
7. E7z, AW 4, 10, 15, 1913 30 uM T 16 F5f
MR R HIHIE R 2R U729 2 OB I375E
REREES (INOS) @ mRNA ¥ 2 #Mi%ld 5 =
EICKDINOS EHDOFHEBEZMGHTH T & &,
INOS DEERTEEANDHEEMICE IS Z L 2HS
&L 3

PGE, s A£WHIER I LPS TiEML L =< ™ &
D RAW 264.7 fifld = TR L= (L&Y 3, 4,
8,10,15,17, 19 O TFEIZDWTEAERS L= E D
DT XTIMENEEDED 50, 205 BILEY
1977 1Cs 1.0uM LB ENEEZR L. ZOIE
ML, R0E, mEBBMIE FH FRICH

- BLTW3E3n2¥9 PG I RRLFFT RH
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Table 6. Cytotoxicity and Anti-HSV-1 Activity of Phloroglucinol Derivatives
Compows Gy AT Ly T nds
1 14800 6180 2.4
2 34000 18600 1.8
3 25200 5600 4.5
4 365 185 2.0
> 362 165 2.2
6 340 88 3.9
7 5500 3180 1.7
8 3680 2080 1.8
9 2200 1140 1.9
10 285 116 2.5
11 470 154 3]
12 342 196 1.7
13 2450 890 2.8
15 21200 19200 1.1
16 2500 230 10.9
18 49100 48000 1.0
19 2640 655 4.0
20 8800 970 9.1
A B
100
A
g
Z N
.‘.->-‘ 50 -
<
0 . .
0 25 5 0 25 50

Inhibitor concentration ( ¢ g/ml)

Fig. 4. Effects of Phloroglucinol Derivatives on the Activity of HIV-1 Reverse Transcriptase
Reverse transcriptase activity was measured with each of (rA), + (dT) 121 (A) and initiated MS—2 phage RNA (B) in the presence of various concentrations of
each phloroglucinol derivatives as indicated in figure, by determining the incorporation of [*H]dTMP. The compounds tested and symbols used are: 3 (A),4 O,

7 (A) and 11 (@). The 100% values were 5.8 (A) and 2.7 (B) pmol.

A piEE#%E (PGHS)-2 ® mRNA FEH ZHEL T
PGHS-2 EHO#HE MK T 587X D, PGE;
FEAENIEWERMENS O LRSI N/ 37

H ~HA = REETHIE R TNF-a KO IL-6
O PEAEINEIVE R Thrat L 7z, 4 TNF-o #lERIZAL
&42-4,10, 15, 17, 19D THED S 5 2 ZRNTT
NTEEKEOICHGEIERAZRL, TTHLED
19 13 1Cs 0.7 uM EFeHaR <, fEHIE 16 Rpfa kT
WTH-ol-. X512, ZOEAEFIX TNF-o D

mRNA FH 2% L T, TNF-a OFEEZIHT S
Z ek B EREwmOT . IL-6 OFEANNSIEH
HiRD THEOHE 2 & 17T 20 TN TREKE
BICHEERZRL, T THAEY 1913 1Cs 0.3
UM BB <, fERE 16 B #REHHY T TNF-o #I
HER EEOEmERL, FRAKFH IL-60D
mRNA BBHAIEH TS EIC&D, TOEAZN
HLTWD EERINL.
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9. &HYIC

T ATT 2T BB Bk G3 OB FT VA A BEFE AN R oy
DEZBENSIRF D, FD{L2%KD TdH 5 phloro-
glucinol FEKZ L T4 OAEMIEHFIE~ER L
HREEREEZ S-S5 L. B TH mallotojaponin
(4) 13 L5178Y BIMyRITxt U SBHE R IE s R %+ A
U, &z, HHEERZMIEA D OK-432 & D%
ROBMEERL, 512, 413 invitro o1\ in
vivo DFN > 70— —MFEHRBRICB N T
SHESHIHNETED S O, FUEAID 2 WITBEO(LFF
il L TORRAMEEZRLTWD, afto/z<y
07y —2JFEMHACNGIER OB T, isomal-
lotochromanol (19) 133 L WilHlEEZERL, ¥
REE LU TOIHAMNHIFEEIN S,

A THERTEZFT—FIE, ZH 5D phloro-
glucinol FFERMHUEE R, 77> TR I KIER
BRI EOHBICTE>THEER Y — RMLEW#T
HBHIEERBEL TS5,

HEE AREEOLICEL, ZhE TR GE
WFFE L TR 7o SRR ZEREBE D BRI 72 i T8 0 o 4«
EHHL, BHOBEERLET.

TLRRNKREN AT E B ZBR5E A, 540
JLERER S P E AR, BRI ARERN ik
ST, AREIEAE MRDCEER, AEAE M
AP, OARFERLE JbhiEseg, W ERE
ENTFERT G AL, BB -SR03 KUK BRSERT
i A=K
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